THE RAFFLES BULLETIN OF ZOOLOGY 2011 Supplement No. 24: 5-10 
Date of Publication: 30 Mar.2011 
© National University of Singapore 


RE-INTRODUCTION OF THE ORIENTAL PIED HORNBILL IN SINGAPORE, 
WITH EMPHASIS ON ARTIFICIAL NESTS 


Marc Cremades 

Singapore Avian Conservation Project, c/o National Biodiversity Centre, National Parks Board. 1 Cluny Road, Singapore 259569 

E-mail: sacp2008@gmail.com (Corresponding author) 

Huimin Lai 

Singapore Avian Conservation Project, c/o National Biodiversity Centre, National Parks Board. 1 Cluny Road, Singapore 259569 

Tuan-Wah Wong 

National Parks Board, 1 Cluny Road, Singapore 259569 

Soon-Kiong Koh 

National Parks Board, 1 Cluny Road, Singapore 259569 

Raja Segran 

Jurong Bird Park, 2 Jurong Hill, Singapore 628925 

Soon-Chye Ng 

Nanyang Technological University & National University of Singapore, c/o O&G Partners Fertility Centre, 

Gleneagles Hospital Annex, 6A Napier Road #03-32, Singapore 258500 


ABSTRACT - For a successful re-introduction program, we need artificial nests that are accepted by the 
birds. The designs of the artificial nest box used in the Singapore Hornbill Project are described. Up to 
62.5% of the nest boxes erected were utilised by the Oriental Pied Hornbill in Pulau Ubin. All occupied 
nests yielded successful occupation by the females, with eggs laid and at least one chick fledging; except 
for one nest where the chicks drowned as a result of a heavy rainstorm. A pair of captive Oriental Pied 
Hornbill from the Jurong Bird Park was introduced into the area of the southern Bukit Timah forest on 12 
December 2008. The pair made frequent visits to the artificial nest box utilised in the previous cycle within 
a temporary aviary, and the female sealed herself inside the nest on 26 December 2008, just two weeks after 
relocation. For the first clutch, 4 eggs were laid at an average of 4.2±0.4 days apart. After 30 days and 29.1 
days of incubation respectively, calculated on the assumption that the first and second eggs were the fertile 
eggs, the first and second chick hatched. The female was confined in the nest box for 99.3 days from 26 
December 2008 to 4 April 2009, with successful fledglings at 63.5 days old (chick #1) and 60 days old (chick 
#2). The female was again sealed inside the nest box on 30 May 2009, 56 days after she emerged from the 
nest with her two fledglings from the first clutch. This resulted in one successful fledgling at 57.5 days old, 
one instance of cannibalism (chick # 2 at 3d 15hr old), and two instances of infanticide-cannibalism (chick 
# 3 and # 4, at 3d 7hr and lh old respectively). Only one chick fledged from the second clutch. This paper 
describes the first record and data of two successful clutches within one calendar year, first observation of a 
male committing cannibalism, and the first instance of a chick leaving the nest box earlier than the female, 
in our population of Oriental Pied Hornbills. 

This paper was presented at the 5 th International Hornbill Conference jointly organised by the National 
Parks Board (Singapore) and the Hornbill Research Foundation (Thailand), in Singapore on 22 nd -25 th March 
2009. 
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INTRODUCTION (Wang & Hails, 2007). The Helmeted Hornbill (Rhinoplax 

vigil ) was last recorded in Singapore in 1895 (Lim, 1992). 
The last recorded sightings of the Oriental Pied Hornbill 
(Anthracoceros albirostris) were in the 1920s (Wang & 
Hails, 2007). Then, after more than 70 years, the Oriental 


There used to be three recorded species of Hornbill found 
in Singapore. The Rhinoceros Hornbill ( Buceros rhinoceros) 
was formerly recorded in Singapore by Ridley in 1898 
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Table 1. Characteristics of artificial nest boxes provided to Oriental Pied Hornbills. 



6 a’ 

Nest Box Type 
‘b’ 

V 

Total height (cm) 

76 

54 

105 

Dimensions of entrance (height x width) (cm) 

29.5x10 

20x9 

22.5x6.5 

Basal area (cm 2 ) 

2228 

855 

855 

Basal shape 

Square 

Circular 

Circular 

Depth from entrance to base (cm) 

25.5 

19 

15 

Materials used 

Marine plywood 

Solid wood 

Marine plywood, foam, fibreglass 


Pied Hornbill was seen again in a Singapore offshore island, 
Pulau Ubin in 1994, with a confirmed nest in 1997 (Wang & 
Hails, 2007). There are currently two populations of Oriental 
Pied Hornbills in Singapore, one group in Pulau Ubin, a 
north-eastern offshore island with secondary forests, the 
other on mainland Singapore (Fig. 1). 

The hornbills as a group being enigmatic and conspicuous 
birds, it was decided that efforts be made to expand their 
populations in Singapore. The Oriental Pied Hornbill was 
chosen as there is a small existing wild population, and a large 
pool of captive birds in the Jurong Bird Park to expand its 
genetic pool. This paper documents the effort to re-introduce 
this species to a previously unoccupied area, with strategic 
planning and preparation. The artificial nest successfully 
used in this program is also described. 

METHODS 

The basic concept was to take advantage of nesting 
commitments as an anchoring factor for free-flying birds. 
This starts with the use of artificial nest boxes. 

Artificial nests. - From 2006 to 2009, artificial nest boxes 
have been used successfully for breeding Oriental Pied 
Hornbills (Ng et al., 2011). For 2006-2007, type ‘a’ artificial 



Fig. 1. Map of Singapore and part of Southern Johor, Malaysia, 
showing existing known locations of Oriental Pied Hornbills 
in Singapore (Areas: Jurong Bird Park, Bukit Timah, Central 
Catchment, Changi). Southern Bukit Timah area was selected for 
the re-introduction program (Map Source: Google Maps, 2009 
DigitalGlobe). 


nests were used. For 2007-2009, type ‘b’ artificial nests 
were used. Type ‘c’ artificial nest box, also known as the 
‘Intelligent Nest’, was only used in 2008-2009 (see Table 1 
and Fig. 2). In addition to higher quality camera survey (Ng 
et al., 2011), the ‘Intelligent Nest’ is fitted with temperature 
and humidity sensors to monitor the environment inside and 
outside the nest. A weighing scale is incorporated in the 
perch to allow the male to be weighed during visits, with 
another in the bottom of the nest box to weigh the female 
and the chicks. 

Marine plywood was used in type ‘a’ boxes for its lightweight 
properties but was found to degrade after its first year, 
resulting in the need to replace the nest box. To increase the 
durability of the nest box, solid plywood was chosen as the 
material for Type ‘b’ nest boxes. The only drawback was 
the heavier weight of this material. In Type ‘c’ nest boxes, 
marine plywood was used for the structure of the nest, and 
was wrapped with a layer of Styrofoam for insulation, covered 
by a second layer of fiberglass to increase the durability of 
the nest. Waterproofing was further ensured with silicon glue 
to seal openings. Four holes were later drilled at the bottom 
of the nest box to allow water drainage as a consequence of 
one nest box flooding (see Results & Discussion). 

Candidate choice. - A proven Oriental Pied Hornbill 
breeding pair of four years standing was chosen from the 
captive population in the Jurong Bird Park (Table 2, Fig. 
3). An additional reason for this choice was that the male, 
having been in captivity for 18 years, is unlikely to be 
genetically related to the wild population in Singapore first 
noted in 1994. 

Strategy for reintroduction. - The area chosen was the 
southern part of the Bukit Timah forest, where fruit tree 
plantations had been increased the year before the re- 
introduction event as part of the project. A temporary aviary 
(Fig. 4) made with aluminum was constructed to house the 
candidate pair, measuring 10m (length) by 6m (breadth) by 
6m (height). 

The intention was to set up the artificial nest within the 
temporary aviary, allow the pair to begin nesting, providing 
the male with food to supply the female once she was 
sealed in the nest; then open one side of the aviary to allow 
the male to forage more widely but still supply the female 
and later the chicks with food, and finally allow the entire 
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Table 2. History and measurements of candidate pair of Oriental Pied Hornbills selected for reintroduction. 



Male 

Female 

Country 

Singapore 

Singapore 

Source 

Jurong Bird Park, Hornbill Exhibit 17 

Jurong Bird Park, Hornbill Exhibit 17 

Subspecies 

A. a . convexus 

A. a. convexus 

Age 

Unknown 

Unknown 

Years captive 

18 

7 

Ring Identification 

101V, green, engraved, right 

102V, green, engraved, left 

Microchip 

000636886 

000634286A 

Total length (mm) 

810 

723 

Tail (mm) 

315 

270 

Wing (mm) 

380 

410 

Wingspan (mm) 

1000 

920 

Tarsus (mm) 

45 

38 

Weight (g) 

1079 

872 

Bill and casque measurements* 

A 

215 

123 

B 

169 

109 

C 

55 

57 

D' 

185 

85 

E 

30 

18 

F 

83 

71 

G 

162 

113 

H 

91 

56 

H’ 

36 

19 

R 

25 

17 

W 

35 

26 


*Bill and casque measurements A-W follow Pillai (1995). 




Fig. 2. Front and interior views of the Type ‘a’ (A1,A2), Type ‘b’ (B1,B2) and Type ‘ 


c’ (C1,C2) nest box. 
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family to emerge into the wild where the male had already 
become familiar with the surroundings and the distribution 
of available resources. An estimated timeline was created 
to anticipate these events and the time to release the birds. 
The male was subsequently released when all the chicks 
had hatched, and when the remaining eggs went past the 
incubation duration. Feeding tables, similar to the one used 
in the aviary, were introduced around the area and the male 
was fed from the outside of the aviary. 


Protocol and outline of events . - Actual events were as 

follows. 

1. Separation of parents and their chick from the previous 
season at the end of September 2008. 

2. Removal of their familiar, previously used nest box in 
the Jurong Bird Park aviary at the end of October 2008 
and installation in the new temporary aviary. 

3. 12 December 2008: Before the start of the new breeding 
cycle, relocation of the pair to the new introduction 


Al A2 



IM»( olk'ction I9/U‘M»H (Smj»apoi 


Species: v corNexus 


V\ I \U\ NO: HE l? 


1.1): KO 


(rum) 


(m.chip) 


JBP C ollection 19VO9/08 


Species: A. A. _co wmtL- 
\ M ARY NO: 

I l); V.01*V4- 


JLrins) 


B1 


B2 



Fig. 3. Identification of male Oriental Pied hornbill (Al, A2) and female Oriental Pied Hornbill (Bl, B2). 



Fig. 4. A layout of the temporary re-introduction aviary (10m by 6m by 6m); B Interior view showing vegetation and 2 horizontal 
perches 
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aviary, now equipped with previous season’s nest box 
and cameras, while maintaining the previous diet. 

4. 11 February 2009: Release of the male. The female, two 
chicks and two overdue eggs were inside the nest box. 
Maintained feeding amount for the family. 

5. 4 April 2009: Fledging of female and two chicks to the 
wild. Feeding amount was gradually reduced to encourage 
foraging in their new environment. 

RESULTS AND DISCUSSION 

This pair had three prior breeding cycles while captive in 
the Jurong Bird Park (in type ‘a’ and type ’b’ nest boxes). 
In the second cycle (2006-2007), one of three hatchlings 
fledged, as chick #2 and #3 were killed and eaten (infanticide- 
cannibalism) at 3d 5 hr & 5d lhr old respectively. In the 
third observed cycle (2007-2008), one chick fledged out of 
three eggs laid. We describe the next two cycles observed 
after the pair was re-introduced to the southern Bukit Timah 
forest, highlighting the first occurrence of two successful 
clutches in a single calendar year for this female with a 
known history of infanticide-cannibalism. The details are 
outlined in the timelines (Fig. 5). 

Comparison between first and second clutch after 
reintroduction. - This is our first recorded instance of two 


successful breeding cycles within one calendar year. Fertility 
of the eggs differed between the first (two eggs hatched out of 
four) and the second clutch (four eggs hatched out of four). 
With two unhatched eggs, we assumed that chick #1 and 
chick #2 were from egg #1 and egg #2 respectively, which 
would imply incubation of 30 days and 29 days respectively, 
consistent with records of this pair in captivity showing that 
the first cycle had three chicks whose incubation periods 
were 30, 30 and 33 days. The female was confined for a 
duration of 99.3 days during the first clutch and 92.6 days 
for the second clutch. The age of the fledglings at time of 
emergence from the nest from the first clutch was 63.5 days 
(chick #1) and 60 days (chick #2), and from the second 
clutch, 57.5 days (chick #1). This was our first record of a 
chick leaving the nest before the female emerged, with the 
female leaving approximately two hours after the chick had 
fledged. There was no occurrence of cannibalism in the first 
clutch, but in the second clutch, there were three instances 
of cannibalism involving two infanticides. Chick #2 died at 
3d 15hr old (cannibalized by male; Fig. 6), chicks #3 and 
#4 (cannibalized by female; Fig. 6) were killed at 3d 7hr 
& 1 hr old respectively. This was also our first record of 
cannibalism by a male Oriental Pied Hornbill, which we 
consider atypical as all previous cannibalism cases (Ng et 
al., 2011) were observed of the female or of other chicks in 
the same brood (Chan et al., 2007). 


26 Dec 08: Female sealed inside 


2 Jan 09: Egg #1 

5 Jan 09: Egg #2 

8 Jan 09: Egg #3 

12 Jan 09: Egg #4 


31 Jan 09: Chick #1 
1 Feb 09: Chick #2 

Overdue 

Overdue 


4 April 09, 13hl6: 

Female broke out 

4 April 09,16h07: 
Chick #1 fledged 

4 April 09,13h37: 
Chick #2 fledged 




Incubation 


>C 


Chicks hatch 


Cannibalism (3d 15hr old) 

Infanticide-cannibalism 
(3d 7hr old) 

* Infanticide-cannibalism 

(ll^old^ 




26 June 09: Egg #4 
11 June 09: Egg #3 
9 June 09: Egg #2 


15 July: Chick #4 
11 July: Chick #3 
6 July 09: Chick #2 


7 June 09: Egg #1 

30 May 09: Female sealed inside 


3 July 09: Chick #1 


30 August 09, 13hl2: 
Female left nest box 

30 August 09, llhl5: 
Chick #1 fledged 


Fig. 5. Breeding timelines of 2008/2009 cycle (2 successful clutches in a single calendar year). 
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Factors that might have contributed to cannibalism in the 
second clutch. - Food and nest conditions were similar in 
both cycles, and hence unlikely to be a cause for cannibalism. 
The brood sizes for the first and second clutches were two 
and four respectively, so an increase in brood size may have 
been one contributing factor, but because there were never 
more than two chicks at any time, it is also unlikely for it 
to be a cause of cannibalism in this instance. It was noted 
that the female did not feed chicks #2, #3 and #4 during the 
time they were alive. Chick #2 is most likely to have died 
of starvation, unlike chicks #3 and #4 which were killed by 
the female. Another possible factor leading to cannibalism 
might be a decrease in feeding frequencies, as the male had 
to provide food for the two elder chicks in the first clutch 
at the same time period, or it might be biologically innate 
in certain females (Ng et al., 2011). 


least one chick fledged, except for one where all three chicks 
drowned due to flooding of the nest during an extremely 
heavy rainstorm, in Nest 2 type ‘b\ 

If an artificial nest box is erected close to a usable nest 
cavity, the pair would choose the latter. In one situation 
where the natural nest cavity was too small, resulting in two 
consecutive years of premature emergence of the female 
(and the young were then lost to predation), we sealed the 
opening of the natural cavity and placed an artificial nest box 
in the vicinity. The pair then investigated the artificial nest 
box and successfully occupied it. The use of the artificial 
nest-box by the Oriental Pied Hornbill does not appear to 
be determined by the type of the nest box, as much as by 
the locality and environment. 


Utilisation of artificial nest or natural cavity. - Out of eight 
artificial nest boxes erected in Pulau Ubin, Singapore, five 
were occupied by the Oriental Pied Hornbills. All had at 



Fig. 6. Cannibalism and infanticide-cannibalism. Above: Male with 
dead chick # 2 (3d 15hr old) after female passed it to him, and it 
was consumed by male approximately 1 hour after its death. Below: 
Female holding dead chick # 4 (1 hr old) with beak outside nest 
box after she killed it, but consumed it herself approximately 1 hour 
later. Block arrows point to the head of the chicks. 
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